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We report a detailed study of the process of pion diffraction dissociation into two
jets with large transverse momenta. We find that the standard collinear factoriza-
tion does not hold in this reaction. The structure of non-factorizable contributions
is discussed and the results are compared with the experimental data. Our conclu-
sion is that the existing theoretical uncertainties do not allow, for the time being,
for a quantitative extraction of the pion distribution amplitude. (Talk presented
at the Workshop on Exclusive Processes at High Momentum Transfer, Jefferson
News, VA, May 15-18, 2002)
1. To our knowledge, the pion (and photon) diffraction dissociation into
a pair of jets with large transverse momentum on a nucleon target was
first discussed in 1. Then the possibility to use this process to probe the
nuclear filtering of pion components with a small transverse size was sug-
gested in 2. The A-dependence and the q2⊥-dependence of the coherent
dijet cross section was first calculated in 3. In the same work it was ar-
gued that the jet distribution with respect to the longitudinal momentum
fraction has to follow the quark momentum distribution in the pion and
hence provides a direct measurement of the pion distribution amplitude.
Recent experimental data by the E791 collaboration 4,5 indeed confirm the
strong A-dependence which is a signature for color transparency, and are
consistent with the predicted ∼ 1/q8⊥ dependence on the jet transverse mo-
mentum. Moreover, the jet longitudinal momentum fraction distribution
turns out to be consistent with the ∼ z2(1 − z)2 shape corresponding to
the asymptotic pion distribution amplitude which is also supported by an
independent measurement of the pion transition form factor πγγ∗ 6.
After these first successes, one naturally asks whether the QCD de-
scription of coherent dijet production can be made fully quantitative. Two
recent studies 7 and 8 address this question, with contradictory conclusions.
1
2Therefore we attempt to clarify the situation and develop a perturbative
QCD framework for the description of coherent dijet production that would
be in line with other known applications of the QCD factorization tech-
niques. The results reported here have been obtained in collaboration with
V.M. Braun, A. Scha¨fer and L. Szymanowski 9,10.
2. The kinematics of the process is shown in Fig. 1. The momenta of
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Figure 1. Kinematics of the coherent hard dijet production pi → 2 jets. The hard
scattering amplitude TH contains at least one hard gluon exchange.
the incoming pion, incoming nucleon and the outgoing nucleon are p1, p2
and p′2, respectively. The pion and the nucleon masses are both neglected,
p21 = 0, p
2
2 = (p
′
2)
2 = 0. We denote the momenta of the outgoing quark
and antiquark (jets) as q1 and q2, respectively. They are on the mass shell,
q21 = q
2
2 = 0, and can be decomposed
q1 = zp1 +
q21⊥
zs
p2 + q1⊥ , q2 = z¯p1 +
q22⊥
z¯s
p2 + q2⊥ (1)
such that z is the longitudinal momentum fraction of the quark jet in the
lab frame. We use the shorthand notation: u¯ ≡ (1−u) for any longitudinal
momentum fraction u.
We are interested in the forward limit, when the transferred momentum
t = (p2− p
′
2)
2 is equal to zero and the transverse momenta of jets compen-
sate each other q1⊥ ≡ q⊥, q2⊥ ≡ −q⊥. In this kinematics the invariant mass
of the produced qq¯ pair is equal to M2 = q2⊥/zz¯. The invariant c.m. energy
s = (p1 + p2)
2 = 2p1p2 is taken to be much larger than the transverse jet
momentum q2⊥.
33. The possibility to constrain the pion distribution amplitude φpi(z
′, µ2F )
in the dijet diffractive dissociation experiment assumes that the amplitude
of this process can be calculated in the collinear approximation as suggested
by Fig. 1:
M pi→2 jets =
∑
p=q,q¯,g
1∫
0
dz′
1∫
0
dx1 φpi(z
′, µ2F )T
p
H(z
′, x1, µ
2
F )F
p
ζ (x1, µ
2
F ) . (2)
Here F pζ (x1, µ
2
F ) is the generalized parton distribution (GPD) p = q, q¯, g
13,14,15 in the target nucleon; x1 and x2 = x1 − ζ are the momentum
fractions of the emitted and the absorbed partons, respectively. The asym-
metry parameter ζ is fixed by the process kinematics: ζ = M2/s = q2⊥/zz¯.
TH(z
′, x1, µ
2
F ) is the hard scattering amplitude involving at least one hard
gluon exchange and µF is the (collinear) factorization scale. By definition,
the pion distribution amplitude only involves small momenta, k⊥ < µF , and
the hard scattering amplitude is calculated neglecting the parton transverse
momenta.
We calculated 10 both the leading-order gluon and quark contributions
to the amplitude and find that in both cases the corresponding hard ker-
nels T qH , T
g
H diverge as 1/z
′2 and 1/z¯′2 in the z′ → 0 and z′ → 1 limit,
respectively. This implies that the integration of the pion momentum frac-
tion diverges at the end-points and the collinear factorization is, therefore,
broken.
At high energies the contribution of gluon GPD dominates. We found
that up to kinematical factors
T gH = CF
( z¯
z′
+
z
z¯′
)( ζ
[x1 − iǫ]2
+
ζ
[x2 + iǫ]2
−
ζ
[x1 − iǫ][x2 + iǫ]
)
+
( zz¯
z′z¯′
+ 1
)[
CF
( zz¯
z′z¯′
+ 1
)
+
1
2Nc
( z
z′
+
z¯
z¯′
)]
×
(
1
[(z − z′)x1 − zz¯′ζ + iǫ]
+
1
[(z′ − z)x2 − zz¯′ζ + iǫ]
)
(3)
−
[
CF
zz¯
z′z¯′
( z¯
z′
+
z
z¯′
)
+
1
2Nc z′z¯′
( zz¯
z′z¯′
+ 1
)] ζ
[x1 + iǫ][x2 − iǫ]
.
The differential cross section summed over the polarizations and the color
of quark jets is given by
dσpi→2 jets
dq2⊥dtdz
=
α4sf
2
piπ(1 − ζ)
8N3c q
8
⊥
|M |2 , (4)
where M is calculated as in (2) with T gH given in (3), fpi = 133 MeV is the
pion decay constant.
44. According to Eq. (3) the leading end-point behavior of the gluon ampli-
tude at z′ → 0 and z′ → 1 is given by the following expression
M
∣∣∣
end−points
= −iπ
(
Nc +
1
Nc
)
zz¯
1∫
0
dz′
φpi(z
′, µ2)
z′2
F
g
ζ (ζ, µ
2) . (5)
Since φpi(z
′) ∼ z′ at z′ → 0, the integral over z′ diverges logarithmically.
Remarkably, the integral containing the pion distribution amplitude does
not involve any z-dependence. Therefore, the longitudinal momentum dis-
tribution of the jets in the nonfactorizable contribution is calculable and,
as it turns out, has the shape of the asymptotic pion distribution amplitude
φaspi (z) = 6zz¯.
In technical terms, the appearance of the end point divergency is due
to pinching of the x1 contour in the point x1 = ζ(x2 = 0) in the case when
variable z′ is closed to the end points, cf. Eqs. (2,3). One can trace 10
that this pinching occurs between soft gluon (the gluon with momentum
x2 → 0) interactions in the initial and in the final state, and is related with
the existence of the unitarity cuts of the amplitude in different, s and M2,
channels.
The other important integration region in (2) is the one when ζ ≪
|z′ − z| ≪ 1, i.e. when the longitudinal momentum fraction carried by the
quark is close (for high energies) to that of the quark jet in the final state
M
∣∣∣
ζ≪|z′−z|≪1
= −4iπNc φpi(z)
1∫
z
dz′
z′ − z
F
g
ζ (ζ
zz¯
z′ − z
, q2⊥)
≃ −4iπNc φpi(z)
1∫
ζ
dy
y
F
g
ζ (y, q
2
⊥) . (6)
This logarithmic integral is nothing but the usual energy logarithm that
accompanies each extra gluon in the gluon ladder. Its appearance is due
to the fact the hard gluon which supplies jets by the high transverse mo-
mentum can be emitted in a broad rapidity interval and is not constrained
to the pion fragmentation region. The integral on the r.h.s. of (6) can
be identified with the unintegrated generalized gluon distribution. And,
therefore, in the region z′ ∼ z hard gluon exchange can be viewed as a
large transverse momentum part of the gluon distribution in the proton,
cf. 7. This contribution is proportional to the pion distribution amplitude
φpi(z, q
2
⊥) and contains the enhancement factor ln 1/ζ ∼ ln s/q
2
⊥.
5. We performed numerical calculations for the kinematics of E791 ex-
periment: the transverse momentum range 1.5 ≤ q⊥ ≤ 2.5 GeV and
5s = 1000 GeV2. We found that the diffractive (6) and the end-point (5) con-
tributions are numerically comparable to each other. In the later case in or-
der to regularize the end-point divergence we used the simplest prescription,
an explicit cutoff on the quark momentum fraction in the pion z′ ≥ µ2IR/q
2
⊥,
where µIR is of order of intrinsic quark transverse momentum in the pion,
see 10 for more details. For GPD’s the parametrization 16 was used. Fig. 2
shows the comparison of the calculated dijet momentum fraction distribu-
tion with the data 4. The two solid curves correspond to the asymptotic,
φaspi (z), and ‘two-humped”, φ
CZ
pi (z, µ = 0.5 GeV) = 30z(1 − z)(1 − 2z)
2,
forms of the pion distribution amplitude. The dashed curve corresponds
to the Chernyak-Zhitnitsky model evolved to the scale µ = 2 GeV,
φCZpi (z, µ = 2 GeV) = 15z(1−z)[0.20+(1−2z)
2. The overall normalization
is arbitrary, but is the same for all three choices of the distribution ampli-
tude. It is seen that experimental uncertainties do not allow for the sepa-
ration between the distribution amplitudes φaspi (z) and φ
CZ
pi (z, µ = 2 GeV)
while the extreme choice φCZpi (z, µ = 0.5 GeV) is not favored. This general
conclusion is in agreement with the analysis in 12.
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Figure 2. The longitudinal momentum fraction distribution of the dijets from the
platinum target 4 in comparison with our predictions, see text.
6. Our calculation is close in spirit to 11,12 although the conclusion about
6the factorization is different. We examined the transition to the light-cone
limit carefully and found that the approximation used in 11,12 breaks down
for soft gluons (and quarks). In the double logarithmic approximation our
result in (6) is similar to 7 obtained using different methods. We, therefore,
agree with the interpretation suggested in 7 that in the true diffraction
limit, for very large energies, the dijet production can be considered as a
probe of the hard component of the pomeron. We note, however, that this
interpretation breaks down beyond the double logarithmic approximation
and is not sufficient for the energy region of the E791 experiment. Finally,
we have to mention an approach to coherent diffraction suggested in 8 that
attributes hard dijets to a hard component of the pion wave function. This
technique is interesting, but apparently complicated for the discussion of
factorization. We found that the general argumentation in 8 appears to be
in contradiction with our explicit calculations.
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